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Abstract 
Recently, wind force which is renewable energy resource has been used widely throughout the world. Wind turbines are system 
which firstly, converts the kinetic energy of the wind into mechanical energy secondly mechanical energy change into electrical 
energy. Starting from the design and development phase of wind turbines till the establishment of and operate this system, this 
process includes too many risks in terms of occupational health and safety. For this study, the life cycle phase used is taken 
from1: design, development, manufacture, transport, construction, operation associated infrastructure, maintenance, 
repowering/life extension, decommissioning and waste treatment and recycling. Design and development phase relates to 
measures to be taken, rather than contain risk. Also related to waste treatment and recycling phase we have a few information 
about that contains risk.  For these reason in this study these two phase is neglect. In this study we aimed at gain a prioritization 
of risks which exist during the life cycle of wind turbine. Prioritization of risk is very important in terms of to determine which 
steps should be taken further measures.  For prioritization of risk is employed fuzzy AHP Į-cut analysis method. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility ofthe Organizing Committee of ICAFS 2016. 
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1. Introduction 
In recent years, wind force which is one of renewable energy resource has been used widely throughout the 
world, because renewable energy sources are cheaper, safer and more eco-friendly system than traditional energy 
system. Growth in the wind energy sector can be explained to a number of factors, including financial confidence, 
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technological advancements, legislative support from local governments and increased public support and 
awareness. Wind turbines are system which firstly, converts the kinetic energy of the wind into mechanical energy 
secondly mechanical energy change into electrical energy. In its recently published research agenda the European 
Wind Energy Technology Platform (TP Wind) proposes an ambitious vision for Europe. In this vision, 300 GW of 
wind energy capacity will be implemented by 2030, representing 25 % of the EU’s(European Union)  electricity 
consumption1. Moreover, the TP Wind vision includes a sub objective on offshore wind energy, which it believes 
should represent 10 % of EU electricity consumption by 20301. Though wind energy system is considered one of 
green energy system, starting from the design and development phase of wind turbines till the establishment of and 
operate this system, this process includes too many risks in terms of occupational health and safety2. Wind energy 
workers can be exposed to hazards that can result in fatalities and serious injuries during the various phases of a 
wind turbine life cycle.  The objective of this study is determine of which phase or phases are the most dangerous 
phases. With gained results, we can demonstrate to the developing field for which step further measures should be 
taken. For this study, the life cycle phase used is taken from1design, development, manufacture, transport, 
construction, operation associated infrastructure, maintenance, repowering/life extension, decommissioning and 
waste treatment and recycling. Design and development phase relates to measures to be taken, rather than contain 
risk. Also related to waste treatment and recycling phase we have a few information about that contains risk.  For 
these reason in this study these two phase is neglect. In this study we aimed at gain a prioritization of risks which 
exist during the life cycle of wind turbine. Prioritization of risk is very important in terms of to determine which 
steps should be taken further measures.  For prioritization of risk is employed fuzzy AHP (Analytic Hierarch 
Process) method.  Because of the wind energy sector is still relatively new, we have no directly 
relatedargumentaboutprioritization of risks which exist during the wind turbine life cycle in literature. Guerreroet 
al.3investigated risk prioritization of renewable energy facilities. In their study, Delphi, SWOT (Strength, 
Weaknesses, Opportunities, Threats)  and AHP technique was used to prioritization of risks in solar photovoltaic 
facilities. Another researcher4 used fuzzy FMEA (Failure Modes Effect Analysis) for prioritization of emergency 
department of hospitals. Kolios et al.were interest application of multi-criteria decision-making to risk 
prioritization in tidal energy developments5. 
2. Method  
This paper proposes the use of fuzzy AHP method to prioritize the risk which exist during wind turbine life 
cycle. The AHP, introduced by6 addresses how to determine the relative importance of a set of activities in a multi-
criteria decision problem.The AHP is widely employed for solving multi-criteria decision-making problems in real 
life. But, AHP method is insufficient for circumstances which contains uncertainty. Because decision maker need 
to express their judgment more correctly, decision making in fuzzy environment is approach to overcome this 
challenges. Hence risks in terms of OHS is mostly uncertain, we decide to solve our problem using fuzzy AHP.  
Therefore in this study, fuzzy AHP Į-cut analysis is used for prioritization of risks that exist during wind turbine 
life cycle. In literature there are many fuzzy AHP methods proposed by various authors. The earliest work in fuzzy 
AHP appeared in Van Laarhoven and Pedryczwhich compared fuzzy ratios described by triangular membership 
functions7. Mikhailov8proposed a fuzzy preference programming method to derive optimal crisp priorities, which 
are obtained from fuzzy pairwise comparison judgments based on Į -cuts decomposition of the fuzzy judgments 
into a series of interval comparisons. In practical applications, the triangular form of the membership function is 
used most often for representing fuzzy numbers9,10,11.  In the literature, fuzzy AHP, has been widely used in solving 
many complicated decision-making problems. For exampleDa÷deviren et al.12 used the fuzzy AHP and TOPSøS 
for weapon selection. Zyoud et al.13used fuzzy AHP integrated with fuzzy TOPSøS to gain A framework for water 
loss management in developing countries. Like this studies there are a lot of studies can be found in literature 
related fuzzy AHP14,15,16. 
3. Proposed Model 
In this study Fuzzy AHP one of the multi criteria decision making method has been employed for prioritization of 
risks. As it can be seen in the literature there are a lot of fuzzy AHP methods that have been proposed by several 
authors7,17,18.  
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In this study proposed model forprioritization of risks which exist during wind turbine life cycle is included steps 
as following: 
Step 1. Determining the life cycle of wind turbine system 
Step 2.  Determining the phases that appear in model. 
Step 3.Determiningrisk headings of each factor. 
Step 4. Doing pairwise evaluation factor and sub-factor. 
Step 5. Calculate the local and global weights of the factors and sub-factors according to the pair wise 
comparison matrices (Į-cut analysis). 
Step 6. Interpretation of gained results. 
 
In this study pairwise comparisons have been made with fuzzy scale (Figure 1 and Table 1) that has been proposed 
by Kahraman et al19. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Linguistic scale for relative importance 
Table 1. Linguistic scales for importance 
Linguistic scale for importance Triangular fuzzy scale Triangular fuzzy reciprocal scale 
Just equal (1, 1, 1) (1, 1, 1) 
Equally important (EI) (1/2, 1, 3/2) (2/3, 1, 2) 
Weakly more important (WMI) (1, 3/2, 2) (1/2, 2/3, 1) 
Strongly more important (SMI) (3/2, 2, 5/2) 2/5, 1/2, 2/3) 
Very strongly more important (VSMI) (2, 5/2, 3) (1/3, 2/5, 1/2) 
Absolutely more important (AMI) (5/2, 3, 7/2) (2/7, 1/3, 2/5) 
 
Figure 1 shows linguistic scale for relative importance. Table 1 display values which is used pairwise 
comparison matrix for both main and sub-factor risks. 
4. Application
In this section we gave detail about application part of study. Steps of proposed model is done one by one. 
Doing steps is as follows: 
 
Step 1. Determining the life cycle of wind turbine system 
In this step, firstly we investigate life cycle phase and their risks of in terms of occupational health and safety.  
For this study, used the life cycle phases is taken from1:design, development, manufacture, transport, construction, 
operation associated infrastructure, maintenance, repowering/life extension, decommissioning and waste treatment 
and recycling.  
 
RI 
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Step 2.  Determining the phase that appear in model. 
In this step we determined phases which appear in model. Design and development phase relates to measures to 
be taken, rather than contain risk. Also related to waste treatment and recycling phase we have a few information 
about that contains risk.  For these reason in this study these two phase is neglect.  
 
Step 3.   Determining risk headings of each factor. 
In this step, we determine the risks of each phase along with wind turbine life cycle. These risks is determined by 
guide for wind turbine system1. 
Figure 2 shows that risks of during wind turbine life cycle. Determined main factor and related risk main factor. 
 
 
Fig. 2. Hierarchic decision making model for risks of wind turbine life cycle 
Step 4.   Doing pairwise evaluation factor and sub-factor. 
 
Step 5. Calculate the local and global weights of the factors and sub-factors according to the pair wise comparison 
matrices (Į-cut analysis). 
In this two steps, we generated pairwise evaluation matrix both main and their sub-factors. Pairwise comparison 
matrix has done with values which given in Table 1.  
Weights are obtained by geometric mean. After that gained weights are defuzzification via Į-cut analyses. ǹ 
values of Į, from 0.1 to 0. 9.  
For instance,Table2 shows that pairwise comparison of main phases of life cycle with respect to their risks in 
terms of occupational health and safety issue. Table 2 also shows gained weights in last column.  
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Table 2. Pairwise Comparison of main phases 
  P1 P2 P3 P4 P5 P6 Weight 
P1 (1,1,1) (1,3/2,2) (1/2,1,3/2) (1/2,1,3/2) (1,1,1) (3/2,2,5/2) 0,188 
P2 (1/2,2/3,1) (1,1,1) (2,5/2,3) (3/2,2,5/2) (2,5/2,3) (5/2,3,7/2) 0,270 
P3 (2/3,1,2) (1/3,2/5,1/2) (1,1,1) (1,1,1) (3/2,2,5/2) (1/2,1,3/2) 0,154 
P4 (2/3,1,2) (2/5,1/2,2/3) (1,1,1) (1,1,1) (1,3/2,2) (3/2,2,5/2) 0,171 
P5 (1,1,1) (1/3,2/5,1/2) (2/5,1/2,2/3) (1/2,2/3,1) (1,1,1) (2,5/2,3) 0,132 
P6 (2/5,1/2,2/3) (2/7,1/3,2/5) (2/3,1,2) (2/5,1/2,2/3) (1/3,2/5,1/2) (1,1,1) 0,086 
 
Like Table 2 six pairwise evaluation matrix is generated, and gained weights related sub-factor. We cannot 
show this details because of space constraints. After all comparisons done, main factor weights, sub-factor local 
weights are obtained with same operations. That is weight of criteria or sub-criteria is gained by geometric means 
methods. After that Į-cut method is used for deffuzzification of these fuzzy weights. All values related 
thisprioritization problem is shown in Table 3.  Sub-factor global weight gained by multiplying by main factor 
weight and sub-factor local weight. Sub- criteria global weights are shown in Table 3, last column. 
 
Step 6. Interpretation of gained results.  
In this step we evaluated gained results.Firstly main factor, secondly sub-factors and finally all of values is 
evaluated.  
 
With respect to main factor: 
The most dangerous phase is transportation phase. After this phase order of importance are manufacturing, 
operation, construction, maintenance and repowering /life extension phases coming respectively.  The reason why 
transportation phase is the most important may be mostly seen fatal accident in this phase.  
 
With respect to sub- factor on the basis of main factors: 
x For manufacturing phase electrical hazards determined as most dangerous risk. After this exposure to 
chemicals, manual handling, noise, Õnhalation of harmful gases is coming, respectively. 
x For transportation phase; the most significant risk is collusion with other vehicles. Collusion with other 
vehicles is followed by vehicle rolls. People or load falls, fire, exposure to vibration is coming 
successively after this two risks.  
x For construction phase; falls from height has highest value among sub-factors. Next, electrical hazards, 
mechanical hazards, exposure to vibration, repetitive actions, exposure to noise are coming respectively. 
x For operation phase; blade collapse situation is the most important sub-factor. Manual handling is the 
least significant sub-factor for operation phase. Tower collapse, electrical hazards, fire, lightening, 
keeping difficulties, having cables are ranked between blade collapse and manual handling.  
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Table 3. Factor, sub-factor local and global weight  
Factor Weight Sub-Factor Sub-factor Local Weight Sub-factor Global Weight  
W1 0,188 W11 0,307 0,058 
    W12 0,188 0,035 
    W13 0,150 0,028 
    W14 0,213 0,040 
    W15 0,143 0,027 
          
W2 0,270 W21 0,169 0,045 
    W22 0,205 0,055 
    W23 0,151 0,041 
    W24 0,230 0,062 
    W25 0,132 0,036 
    W26 0,113 0,031 
          
W3 0,154 W31 0,276 0,042 
    W32 0,173 0,027 
    W33 0,241 0,037 
    W34 0,106 0,016 
    W35 0,095 0,015 
    W36 0,109 0,017 
          
W4 0,171 W41 0,190 0,032 
    W42 0,228 0,039 
    W43 0,127 0,022 
    W44 0,118 0,020 
    W45 0,065 0,011 
    W46 0,129 0,022 
    W47 0,075 0,013 
    W48 0,069 0,012 
          
W5 0,132 W51 0,268 0,035 
    W52 0,248 0,033 
    W53 0,123 0,016 
    W54 0,182 0,024 
    W55 0,096 0,013 
    W56 0,084 0,011 
          
W6 0,086 W61 0,367 0,032 
    W62 0,381 0,033 
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    W63 0,252 0,022 
 
For maintenance phase, like construction phase, falls from height is the most significant sub-factor. High 
temperature is the least significant sub-factor. Electrical hazard, Õnhalation of harmful gases, work indoors and 
static stance are ranked between the most and the least significant sub-factors. 
For repowering/life extension phase; importance order of sub-factors are Õnhalation of harmful gases, exposure 
to chemicals, and exposure to toxic materials. 
 
With respect to sub- factor on the basis of global weights: 
 
When evaluated all sub-factors together collision with other vehicle is the most significant sub-factor. After that 
electrical hazard which in manufacturing phase is coming. After these two sub-factor orders of remaining factor 
with respect to importance degree is as follows: 
Vehicle rolls, people or load falls, falls from height which is in construction phase, load shift forward, exposure 
to chemicals that in manufacturing phase, blade collapse, electrical hazard in construction phase, fire in 
transportation phase, manual handling in manufacturing phase, falls from height in maintenance phase, inhalation 
of fuel gases, electrical hazards in maintenance phase, tower collapse, exposure to chemicals in repowering/life 
extension phase, exposure to vibration in transportation phase, exposure to chemicals in manufacturing phase, 
inhalation of harmful gases in manufacturing phase , mechanical hazards in construction phase, inhalation of 
harmful gases, electrical hazards in operation phase, exposure to toxic materials, fire in operation phase, lightning, 
exposure to vibration in construction phase, repetitive actions, work indoors,  fire in transportation phase.
The last 5 criteria according to the degree of importance are keepingdifficulties, static stance, heaving cables, 
manual handling in operation phase, high temperature. 
5. Conclusions  
In recent years, wind force which is one of renewable energy resource has been used widely throughout the 
world, because renewable energy sources are cheaper, safer and more eco-friendly system than traditional energy 
system.Though wind energy system is seen green energy system, starting from the design and development phase 
of wind turbines till the establishment of and operate this system, this process includes too many risks in terms of 
occupational health and safety. Wind energy workers can be exposed to hazards that can result in fatalities and 
serious injuries during the various phases of a wind turbine life cycle. Because of this reason, the objective of this 
study is determine of which phase or phases are the most dangerous phases.To achieve this goal, we aimed at gain 
a prioritization of risks which exist during the life cycle of wind turbine. For prioritization of risk is employed 
fuzzy AHP method. Fuzzy weights are gained geometric mean toll. Then obtained fuzzy weights are clarification 
via Į-cut approaches. According to gained results, the most dangerous phase is determined as transportation phase. 
After this phase order of importance are manufacturing, operation, construction, maintenance and repowering /life 
extension phases coming respectively.   
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